The purport of the following paper is to demonstrate the analogy, if not perfect identity, which exists between the electro-magnetic and vital forces, as concisely as possible.
I shall first point out the general structural arrangement of the heart; secondly, by reference to minute anatomy as revealed to us by the highest powers of the microscope now used, show the formation and mode of growth of various tissues, and thirdly, endeavour to show that there is a physical force, and only one known force, under the influence of the laws of which bioplasmic matter must assume the form it does in the animal machine.
I shall refer first to some dissections of the ganglia and nerves of the heart made some years since by Dr. Robert Lee, by which he shows that the nerves wind more or less spirally round the heart, that they frequently more or less encircle the arteries, that ganglia of considerable size are formed on the superficial nerves, where they are crossing the arteries, and from these chains of ganglia branches are sent off to the coats of the blood-vessels, which sink deep into the substance of the heart. I would next call especial attention to the general spiral arrangement of the nerves and the enlargements or ganglia formed upon them when they are crossing the arteries, an arrangement for which some cause must exist, as it so almost universally obtains. The muscular fibres of the heart were admirably described by Dr. James Pettigrew in a communication to the Royal Society in 1863, and to his dissections I must also direct attentive consideration (as published in the f Philosophical Transactions' for that year), but it is impossible, owing to the limited space that can be devoted to this paper, to do more than state that Dr. Pettigrew has shown these muscular fibres to consist of seven layers, that these layers, owing to the difference in the direction of the fibres, are well marked; that there is a gradual sequence in the direction of the fibres, whereby they are made to change their course from a nearly vertical to a horizontal or transverse, and from the transverse back again to the nearly vertical. Thus in dissecting these fibres from without inwards, the fibres of the first layer, which run in a spiral direction from left to right downwards, are more vertical than those of the second layer, the second than those of the third, the third than those of the fourth; the fibres of the fourth layer have a transverse direction, [Jan., running at nearly right angles to those of the first, passing the fourth layer, which occupies nearly a central position 1*11 the ventricular walls, the order of arrangement is reversed, and the fibres of the layers five, six, and seven, gradually return in an opposite direction,, and in inverse order, to the same relation to the ventricular walls as that maintained by the fibres of the external layer.
The practical point to which I wish to call attention here is, that the muscular fibres of the heart, for the most part, form interminable coils or spiral turns around the cavities of the ventricles, and especially the left, and this arrangement is not only carried out with regard to the walls of the ventricles, but Dr. Pettigrew states that the musculi papillares, and even the valves, partake of this same character with regard to their fibres; moreover, this arrangement of the internal structure, together with the conical shape of the cavities, causes the blood to be arranged during the diastole of the ventricle in spiral columns, and subsequently to be driven out of the orifice of the ventricle with a spiral turn or twist given to it. These are facts upon which Dr. Pettigrew lays some stress, for he says " that without presuming dogmatically to assert that the ultimate arrangement of the ventricles of the bird and mammal is reduced to any known mathematical law, I If we now turn to the mode of development of muscular fibres, and examine carefully Mr. Lockhart Clarke's description of the process, and the plates which accompany his treatise as published in the 'Microscopical Journal' for 1862 and 1863, we shall find, I think, still further exemplification of these matters. Thus, the fibre is formed from a granular semifluid blastema or matrix, in which are developed free nuclei, and nucleated fibres. The granules, says Mr. Lockhart Clarke, vary in size, the largest are but little inferior to the smallest nuclei, as if they formed a transition the one from the other.
The nuclei, thickly crowded together, are in shape globular, oval, triangular, pyriform, fusiform or somewhat crescentic, and they each contain one, or a pair of nucleoli. It thus appears that a nucleus is first formed, by aggregation of particles, as in the case of the nerve-fibres; that it then becomes elongated (to use Mr. Clarke's words), as if by pressure, that cell is adapted to cell at variable distances, and that the fibres result from the union of the elongated processes extending from the cells, and as a rule the greater the distance between the nuclei, the narrower are the processes which unite them; moreover, the sheaths of the muscular fibres are like the sheaths of the nerve-fibres, tubular, which may be proved by making a transverse section of them. Want of space prevents my dwelling longer on the development of these structures, but it appears certain that the same force is at work in the aggregation, of particles, and the formation of nuclei and muscular fibres as is in operation in the formation of nerve-fibres; but I cannot leave this part of the subject without very briefly referring to the rotations of the embryoes of the frog within the egg, as published in the Chronicle of Physiology in the ' British and foreign Medico-Chirurgical lieview' for July last. Dr. Schenck observes that the embryo of the frog exhibits constant movements of rotation, the direction being the reverse of that of the hands of a watch, supposing the head of the animal to be directed away from him. These rotations continue without interruption, and may be watched for hours together; they vary considerably in rapidity, but in a series of observations each rotation was found to be effected in from five minutes and thirteen seconds to twelve minutes and two seconds. Dr. Schenck gives several reasons for the rotations being the result of pressure from ciliated cells, but whatever be the remote cause, one thing is quite certain, and that is that they give evidence of a dextrorsal current of electricity, and the effects of such currents would be the formation and growth of tissues by the process described above.
But the question may fairly be put whence the source of this electricity, for if it be the vital force its supply must be well regulated and constant. To those who will dispassionately and without prejudice look upon the evidence I bring before them, I believe, even in the absence of direct and positive proof, I can show very conclusive testimony that the arterial blood owes its stimulating and vital properties to the magnetism; that it is made the medium of conveying from the lungs to the tissues of the body, and moreover that such magnetism is acquired by the blood in the lungs. It That blood in the natural state is less perfect as a conducting medium than condensed blood.
That blood deprived of its water is the most perfect conducting medium of the three.
All these experiments go to establish the fact that of all the component parts of the body, the blood, and especially the corpuscular portion of it, has the greatest affinity for electricity; a fact of the greatest importance in this investigation. passing from the heart to the lungs, and also from the lungs to the heart, which currents exert a most powerful influence in maintaining the balance between the rhythmical action of the heart and respiration.
12th. That direct experiment has proved that the blood may be magnetic or diamagnetic; and further, it would appear that exposure to air or withdrawal from the body, or any interference with its natural flow in the vessels, causes it to lose its magnetism, and that when drawn from the vessels in a magnetic state, it gradually becomes more and more decidedly diamagnetic.
